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Introduction
According to the OECD Health Statistics (2014) , in 2012the US spent 16.9 percent of its GDP on healthcare, which is far higher than the OECD average of 9.3%, while on a per capita basis it spent more than double the OECD average. Furthermore, from 1960, US healthcare expenditure has grown five times faster than GDP (from 7.1% in the late sixties to 16.9 percent in 2012), and faster than in other OECD countries, and is projected to grow at an average rate of 5.7 percent until 2023, 1.1 percentage points faster than the expected average annual growth rate of GDP. However, its level and growth rate have not been homogeneous across the US states, as pointed out in different papers analysing regional convergence in health spending (Wang, 2009; Pantelidis, 2012, 2013) . For instance, in 2009 per capita personal healthcare spending in Massachusetts ($9,278) was almost twice than in Utah ($5,031).
The existing literature (starting with Kleiman, 1974 and Newhouse, 1977) has suggested that disposable income, together with other demand and supply factors such as medical technological progress or demographic trends, is one of the key drivers of healthcare demand and therefore expenditure. However, the evidence on the existence of a long-run relationship between income and healthcare expenditure, as well as the income elasticity of healthcare expenditure and the relative importance of income as one of its drivers is mixed (see, for example, Acemoglu et al., 2013; Wang, 2009; Freeman, 2012; Yavuz et al., 2013, among others) . Whether health expenditure is a luxury (income elasticity above 1) or a necessity (income elasticity below 1) good has important policy implications: in the latter case there is a strong argument for public health policies and more public involvement (Freeman, 2012) .
The contribution of this paper is threefold. First, we examine the long-memory properties of healthcare expenditure and disposable income in 50 US states, allowing for non-linear deterministic trends in the form of Chebyshev polynomials. We take a fractional integration approach that has advantages relative to the standard unit root tests previously used, given the low power of the latter in the case of fractional and near unit root processes (see for example, Diebold and Rudebusch, 1991; Hassler and Wolters, 1994; Lee and Schmidt, 1996; and more recently, Ben Nasr et al., 2014) . However, it is well-known that the presence of structural breaks in the data can lead to spurious evidence of long memory (see for example, Cheung and Lai, 1993; Diebold and Inoue, 2001; Ben Nasr et al., 2014) . Given the existing evidence suggesting the presence of structural breaks in both healthcare expenditure and personal income (Freeman, 2012) and the small sample size in our study (forty-four annual observations, 1966-2009) , we model them including non-linear time trends in the form of Chebyshev polynomials;
this approach is particularly appropriate at the annual frequency, for which the breaks are likely to be smooth rather than sharp and sudden, and does not require specifying a maximum number of breaks when testing for unit roots. Second, we analyse the longrun relationship between income and healthcare expenditure using both parametric (GilAlana, 2003) and semiparametric (Robinson, 1995; Marinucci and Robinson, 2001) methods to test for fractional cointegration. To our knowledge, this is the first study applying such methods for estimating the relationship between these two variables in the US states. Third, we obtain estimates of the income elasticity with the aim of establishing whether health care should be considered a luxury or a necessity good in each of the US states.
The remainder of the paper is structured as follows. Section 2 reviews the relevant literature. Section 3 describes the data and the empirical analysis. Section 4 summarises the main findings and discusses their policy implications.
Literature Review
The relationship between healthcare expenditure (HCE) and disposable income has been extensively examined given its important policy implications. Estimates of income elasticities range from close to zero and below one (Di Matteo, 2003; Baltagi and Moscone, 2010; Freeman, 2012) to higher than one (Ang, 2010; Liu et al, 2010) , depending on the choice of test statistics, whether or not deterministic trends are included and/or structural breaks allowed for, the sample of countries, etc.
As for the long-run relationship between healthcare spending and income, a number of papers have used time series approaches for various OECD countries (Blomqvist and Carter, 1997; Hansen and King, 1998; Gerdtham and Löthgren, 2000; MacDonald and Hopkins, 2002; Dreger and Reimers, 2005) or the US states (Wang and Rettenmaier, 2007; Tosetti and Moscone, 2010; Freeman, 2012) . However, the results reported in such studies may not be robust if the underlying Data Generating Process (DGP) for the two series is characterised by structural change (Freeman, 2012) .
Therefore, some more recent papers allow for structural breaks when testing for cointegration (Jewell et al., 2003 , Narayan, 2006 Wang and Rettenmaier, 2007, among others) .On the whole the evidence is rather mixed. For example, Freeman (2012) , using data for the US states over the period 1966-2009, obtains income elasticity estimates below one, while Wang and Rettenmaier (2007) report elasticities higher than one over the period 1980-2000. We revisit these issues using the more sophisticated econometric framework outlined below.
Data and Empirical Analysis
We use annual data on Healthcare Expenditure (HCE) 
Univariate Analysis
The first step is to estimate the fractional differencing parameter d in the following setup:
under the three standard assumptions of no regressors (β 0 = β 1 = 0 a priori in (1)), an intercept (β 0 unknown and β 1 = 0 a priori) and an intercept with a linear trend (β 0 and β 1 unknown). Specifically, we use a Whittle estimator in the frequency domain as suggested in Dahlhaus (1989) .
The results for real disposable personal income for each of the 50 US states are reported in Table 1 . In all but one case (Alaska) a linear time trend is required.
Concerning the estimates of d (and their corresponding 95% confidence bands), three groups can be identified, including respectively: Table 1 The Chebyshev polynomials P i,T (t) in (1) are defined as:
(see Hamming (1973) and Smyth (1998) for a detailed description of these polynomials). Bierens (1997) uses them in the context of unit root testing. According to Bierens (1997) and Tomasevic and Stanivuk (2009) The results with m = 3 are displayed in Table 4 (for disposable income) and in Table 5 (for healthcare expenditure). For disposable income the estimated value of d is significantly below 1 in five states, namely Iowa, Nebraska, North Dakota, South Dakota and Oklahoma, i.e., the same four as in Table 1 as well as Oklahoma. There are also six cases when d is significantly higher than 1 (in Table 1 this happens in all three cases). More importantly, there is some evidence of non-linear behaviour in 29 out of the 50 states examined. Table 4 around here)
(Insert
The corresponding results for healthcare expenditure are reported in Table 5 .
There are six states for which the unit root null hypothesis cannot be rejected, namely Alaska, Idaho, Minnesota, Montana, South Dakota and Wyoming. However, for the remaining ones, the estimated value of d is significantly higher than 1. Less evidence of non-linearity is found than for disposable income: significant non-linear coefficients are only estimated in the cases of Alaska, Minnesota, Nebraska, Nevada, South Dakota and Wyoming. Table 6summarises the non-linear results for both variables. Table 5 around here) (Insert Table 6 around here)

Multivariate analysis
Next we analyse the long-run relationship between disposable income and healthcare expenditure. Table 7 reports the orders of integration of the two series for each state and provides information on the homogeneity condition. This is satisfied in all cases with the exception of Iowa, Nebraska and North Dakota, where the orders of integration for disposable income (0.51, 0.54 and 0.66 respectively) are much lower than for healthcare expenditure (1.00, 1.22 and 1.25 respectively). Therefore, cointegration between the two series can be ruled out in these three cases. For the remaining states, we test for cointegration using a two-step method, similar in spirit to the one proposed by Engle and Granger (1987) : first we regress healthcare expenditure on disposable income, and then, in the second step, we test the order of integration of the estimated residuals. This approach is followed, for instance, in Gil-Alana (2003) . Specifically, we first run the regression:
and then the fractional differencing parameter d is estimated for the residuals from the above equation. Table 7 around here) Table 8 reports the estimates of β 1 and those of d based on both parametric and semiparametric methods, in the latter case using three different bandwidth parameters, (Insert Table 8 around here)
(Insert
Finally, Table 9 shows the results of the Hausman test for no cointegration of Using this approach, we find evidence of fractional cointegration in the following cases:
Connecticut, Delaware, Indiana, Maine, Maryland, New Jersey, New York, Nevada, North Caroline, Tennessee and Vermont. Cointegration does not appear to hold in the remaining states.
(Insert Table 9 around here)
Finally we run OLS regressions in first differences of log healthcare expenditure on log disposable income to shed light on the short-run income elasticities. The estimation results are displayed in Table 10 .
(Insert Table 10 around here)
In 40 states the estimated elasticities are statistically significant and positive, ranging from 0.107 (Nebraska) to 0.752 (Georgia); in the remaining ten states (Alaska, Hawaii, Idaho, Iowa, Kansas, Oklahoma, West Virginia, Washington and Wyoming) the null of a zero slope coefficient cannot be rejected. For three states (Alabama, Georgia and South Caroline) the null of an elasticity equal to 1 cannot be rejected at the 5% level. In brief, the evidence points to an income elasticity lower than one in most US states, which implies that health is a normal (rather than a luxury) good.
Conclusions
This paper examines the relationship between healthcare expenditure and disposable income in the US states over the period 1966-2009 using fractional integration and cointegration techniques. First, we estimate the fractional order of integration for each of the two series in each of the US states, and find that it is equal or higher than 1 for healthcare expenditure in all states and for disposable income in most of them (except Iowa, Nebraska, North Dakota and South Dakota), which suggests that these two variables are non-stationary. These findings are confirmed when non-linearities are introduced into the model. Second, we test for fractional cointegration between healthcare expenditure and disposable income using various methods. The results change depending on whether a parametric or a semiparametric approach is followed. Specifically, the null of no cointegration cannot be rejected in the former case except for Missouri and South Dakota, whilst there is stronger evidence of cointegration in the latter case: when using the Hausman test for no cointegration of Marinucci and Robinson (2001) , fractional cointegration is found in 11 US states (Connecticut, Delaware, Indiana, Maine, Maryland, New Jersey, New York, Nevada, North Caroline, Tennessee and Vermont).
Finally, in the US states for which cointegration holds, the income elasticity is in all cases above 1, which suggests that healthcare is a luxury rather than a necessity good. Elsewhere the lack of cointegration implies that factors other than disposable income drive healthcare expenditure, and therefore healthcare is instead a necessity good. As for the short-run elasticities from the regressions in first differences, in most cases they are estimated to lie in the interval (0, 1), being significantly positive in 40
states, whilst in only three states (Alabama, Georgia and South Caroline) the null hypothesis of an income elasticity equal to one cannot be rejected. The implication is that in most US states healthcare is a necessity good, which requires more redistribution of resources and more active health policies. In bold the significant coefficients according to the deterministic terms. In parentheses, the 95% confidence band for the estimated values of d. The values in the second and third columns refer to the estimated values of d for the two individual series; the following column refers to the estimate of d for the residuals; finally, the last two columns refers to the test statistics for Hx and Hy respectively using the Hausman test of Marinucci and Robinson (2001) . χ 1 2 (5%) = 3.84.In bold, those cases where we reject the null hypothesis of no cointegration at the 5% level. 
